SUMMARY: The vertical diel activity of a fish assemblage inhabiting the Senigallia artificial reef (northern Adriatic Sea, Italy) was evaluated from July to November 1996 using enhanced hydroacoustic techniques. Extensive seabed mapping of the area was done using a multibeam echosounder to obtain background imagery of the reef structures and identify the most suitable locations for placing stationary acoustic transducers. Three acoustic transducers were placed inside the reef area, while a fourth was located in the open sea outside the area. Data analysis was conducted on three different depth layers: surface, midwater and bottom. In each layer, diel fish biomass inside the reef showed two peaks, one in the early morning and the other in the late evening. Slightly different behaviour was observed outside the protected area. Comparison of the layers showed that fish biomass was not homogeneously distributed along the water column throughout the sampling period. There were high values in the middle and bottom layers until the end of August. However, no significant biomass variations in time were observed outside the reef where low values were always recorded in each layer.
INTRODUCTION
Information about fish assemblages occurring around artificial reefs, such as species composition, diel and seasonal movements, as well as relationships with the artificial substrates, is essential for assessing the role that an artificial habitat can play on an original fish community.
A visual census carried out by scuba divers or using a remotely operated vehicle (ROV) is the most frequently used method for assessing the fish assemblage on natural rocky bottoms and at artificial reefs (Bortone and Kimmel, 1991; Okamoto, 1991; Charbonnel et al., 1997) . Advantages of using this non-destructive technique include its adaptability to a wide range of conditions and the possibility SCIENTIA MARINA 71(2) June 2007, 355-364, Barcelona (Spain) ISSN: Vertical diel dynamic of fish assemblage associated with an artificial reef (Northern Adriatic Sea)
of putting the observer in direct contact with the organisms and habitats being surveyed, thereby allowing a considerable amount of useful information to be gathered. The disadvantages are depth constraints, the influence of visual conditions, avoidance, and the variability of behavioural patterns of the different species. Poor visibility may result either from a lack of light at night, on overcast days and in deep waters, or water turbidity due to suspended sediments, mixing of water masses with different salinities, and high plankton concentrations (Bortone and Mille, 1999) . Demartini et al. (1989) noted that sampling may be drastically affected when the water transparency is less than 3 m. In addition, the spatial heterogeneity of the artificial modules and the behaviour of cryptic species may reduce the probability of a specimen being found. This leads to the actual population being underestimated (Wickham and Russel, 1974; Buckley and Hueckel, 1985; Harmelin-Vivien et al., 1985) . Nonvisual techniques consist of fishing sampling with relatively non-destructive gear (hook-and-lines, set nets, traps). An advantage of using capture methods is that they provide specimens for gathering life-history data not obtainable from living organisms, such as sex and reproductive condition, age, and feeding habits. Another advantage is that these techniques are also effective at night and, when associated with diurnal sampling, can give a picture of the entire reef assemblage. Nevertheless, these results can also be affected by several factors, such as the behaviour of the different species, the difficulty of setting the gear close to structures, impacts of removals and the selectivity of the gear being used (Miller and Hunte, 1987; Somerton et al., 1988; Bombace et al., 1997) . The most recent advancement involves using stationary hydroacoustic technology to study fish abundance, distribution, and behaviour in specific areas. This method has been successfully employed in surveying fish assemblages at hydroelectric facilities in riverine environments and around oil and gas platforms (Thorne et al., 1990; Thorne, 1994; Stanley et al., 1994; Stanley and Wilson, 1998; Soldal et al., 2002) ; however, thus far applying this technique to artificial reefs has been very limited (Thorne et al., 1989) . The advantages are that, if strategically placed, the transducer arrays can provide the necessary spatial coverage. They can "see" along the entire water column or at specific depths and when combined with computerised data records, long-term, time-series data can be collected. The main disadvantage is the difficulty of identifying the species, especially in a multi-species assemblage like that which typically inhabits an artificial reef.
An aspect that is commonly ignored when assessing the fish assemblage at an artificial reef is the current state of the structures. Studies usually refer to the initial arrangement of the artificial substrates but do not take into account movements and alterations that may occur over time. It is unfortunate that this data is missing because having a detailed picture of the artificial reef arrangement and the placement of the single units at the time of the fish assessment is indispensable. The arrangement, distance, shape and dimensions of modules can strongly affect the composition and behaviour of the reef fish assemblage based on the reefiness of the different species (Nakamura, 1985; Bombace, 1989; Okamoto, 1991) . Relief imagery produced from multibeam bathymetric data provides valuable and detailed base maps for seafloor investigation and interpretation (Todd et al., 1999; Mosher and Thomson, 2002) . These maps help define the geological variability of the seafloor and improve the understanding of the processes that control the distribution and transport of bottom sediments, as well as the distribution of benthic habitats and associated infaunal community structures (Popper et al., 2006) . Although shallow-water multibeam sonar technology (MBES) has been largely employed in mapping seabed morphology and composition (Augustin et al., 1996; Cauwenberghe, 1996; Mitchell, 1996; Shaw et al., 1997; Kammerer et al., 1998; Acosta et al., 2001; Dziak et al., 2001; Beyer et al., 2005; Knaapen et al., 2005; Chakraborty et al., 2006; Mayer, 2006) , pipeline routes (Hansen and Simonis, 1994; Clasper, 1996; Paton et al., 1997; Ross et al., 2004) , coral reefs (Grigg et al., 2002; Hovland et al., 2002; Conway et al., 2005; Roberts et al., 2005) , and searching wrecks (Singh et al., 2000; Lawrence et al., 2001; Mayer and Kenneth, 2001; Mayer et al., 2003) , it has not been used often in the fine detection of reef units, or to investigate their horizontal and vertical movements and subsidence (Shyue, 1998; Shyue and Yang, 2002) .
Starting with the above considerations, we carried out an assessment study at a 9-year old artificial reef deployed in the northern Adriatic Sea using an acoustic method involving both multibeam sonar for artificial reef mapping and a scientific echosounder for analysing fish distribution and movements during diel cycles at different periods of the year. The aim was to investigate the distribution of the reef fish assemblage in relation to the arrangement and state of the structures. The present paper refers to the diel variations of the fish biomass along the water column recorded over a 4-month period.
MATERIALS AND METHODS
The study was carried out at the Senigallia artificial reef, located approximately 15 nm NW from Ancona. It was built-up in 1987 about 1.2 nm offshore on a sandy-mud seabed far from natural hard substrates, at a mean depth of 12.5 m (Fig. 1) . The reef consists of 29 pyramids, each made of five 2 m cubic concrete blocks and twelve concrete cages (6×4×5 m) for shellfish culture, placed in a rectangular arrangement (Fabi and Fiorentini, 1994) . It has a warning light placed on a fixed pile rising about 5 m above the sea surface. The water temperature ranges from 7°C in winter to 26-27°C in summer, without a significant difference between surface and bottom. Poor underwater visibility is very common due to fluvial input and sediment suspension agitated by storms. This makes it difficult to carry out regular visual observations over an extended period. For this reason the evolution of the fish population around the reef was surveyed using a bottom trammel net (Bombace et al., 1997; 2000; Fabi et al., 1999a) .
In order to investigate the state of the structures after about 9 years from their deployment a Simrad EM3000 bathymetric system mounted on the CNR-ISMAR (Ancona) R/V "Tecnopesca II" was used to map the reef. The sonar operated at a frequency of 300 kHz, fanning out up to 127 acoustic beams at a maximum ping rate of 25 Hz and an angle of 140°( 1.5°× 1.5°beams are spaced 0.9°apart). This yielded swaths that were up to ~4 times the water depth. The position of the boat was obtained via a 24-hour, differential global positioning system (DGPS) navigation connected to a geostationary satellite, an Anshutz Standard 20 gyrocompass, and a sound velocimeter. With differential GPS, the system was capable of cm resolution with a depth accuracy of 10 to 15 cm RMS and a horizontal positional accuracy of less than 1 m. The data were logged using Simrad Merlin software, edited for spurious bathymetric and navigational values, and subsequently processed using CARIS software. rections were applied to the depth soundings by using verified downloaded tide data available for the study area from the National Hydrographic and Mareographic Institute of Rome. The gridded data were exported as ASCII files and imported into CFloor software for processing and image production. Therefore, not only bathymetric charts could be created, but also Digital Terrain Models and 3D block diagrams of the surveyed area.
To assess the vertical diel dynamics of the fish assemblage, a modified Simrad EY500 hydroacoustic system was used. The modified system consisted of a transceiver, a laptop, a power supply (four electric batteries: 12V-100Ah, charged with solar panels), a transducer multiplexing (Simrad MP500), a timer to periodically power the system and four ES120 split-beam transducers (operating frequency 120 kHz, beam angle 7.1°). All the equipment, with the exception of the ES120 split-beam transducers, was packed inside a waterproof case on the fixed pile placed within the reef area. The field system was linked by a radio-modem (VTX 4800 baud) to a personal computer installed in the Institute, which automatically controlled data acquisition and provided the correct functioning of the EY500 system in real time.
In accordance with previous studies (Stanley and Wilson, 1998) , the system was started by the timer for 16 min every 2 h, encompassing four periods (dawn, noon, dusk and midnight) over a 24 h interval. Based on the maps of the reef obtained from MBES investigation (Figs. 2 and 3) , the four transducers were set to measure in situ fish target strength distribution and density. Transducer 1 (T1), placed 4 m deep on the pile of the fixed light signal was horizontally oriented towards the centre of the reef. Transducers 2 and 3 (T2, T3) were located on steel frames placed on the seabed inside the reef and oriented upwards: the former was placed in a zone with high concentration of substrates, the latter in a wide space among the pyramids. Finally, transducer 4 (T4) was oriented towards the surface, in the same way as T2 and T3, but located on the seabed outside the reef, at about 80 m distance (Fig. 3) T2, T3 and T4 were placed at depths ranging from 12.35 to 13.00 m.
The three transducers (T1, T2 and T3) located inside the reef began to collect data from 21 July 1996, while the fourth (T4) started on 2 August 1996 ( Table 1 ). The system collected data until 14 November of the same year. The entire period was subdivided into eight intervals, each with a duration of approximately eight days (Table 1) depending on battery life. The data recorded by the horizontallyaligned transducer (T1) were not examined in this paper because it only explored a distinct layer (4 m deep) of the water column. A more detailed description of the survey methodology is given by Fabi and Sala (2002) .
The acoustic raw data recorded by the vertically oriented transducers (T2, T3 and T4) were postprocessed with the Simrad EP500 software (Ver. 5.0) and stored in a database. For each transducer, data were extracted from the database into tables with acoustic area backscattering values (S a ) for each 3-m depth interval from the surface to the bottom, which generated three different depth layers: surface, midwater and bottom layer. All S a data were subsequently grouped into hourly values by generating the means of S a by depth stratum recorded within 2 hours. -Gray-scale, sun-illuminated, three-dimensional perspective map of the Senigallia artificial reef, produced from multibeam bathymetric data. It is possible to observe the pyramids (fallen and undamaged) in their sound structure of fine 2 m cubic concrete blocks, and the cages (fallen and undamaged). The small boxing shows the placement of the four transducers.
fish biomass at each hour of the day and each sampling period. The data recorded by the fixed acoustic transducers are presented as a mean vertical dynamic of fish biomass recorded in the water column by the vertically-aligned transducers both on diel interval and during the overall sampling period. Mean fish biomass obtained with T2, T3 and T4 in the different sampling intervals was compared using a three-way variance analysis (Snedecor and Cochran, 1967) . The factors were transducer, depth layer and interval. Tukey's HSD test was used to make comparisons across all pairs of group means when corresponding ANOVA tests were significant (P<0.05). Prior to performing ANOVA tests, the normality (Kolmogorov-Smirnov test) and homogeneity of variances (Levene's test) of the data were verified. When these assumptions were not verified, a ln(x+1) transformation was applied to all data.
RESULTS
The complete bathymetric coverage of the Senigallia survey area showed that the depth inside the reef ranged from 12.35 to 13.45 m. Therefore, it was slightly deeper and less homogeneous with respect to the surrounding open-sea bottom (Fig. 2) . Moreover, the 3D map evidenced that several pyramids had collapsed and the cubic blocks had spread out, in some cases forming a continuous system, while a few of them were partially sunken into the sandy-mud seabed reaching a height of only 1.5-2.0 m above the bottom. A few concrete cages had also fallen and lay on the seabed partially covered by the sediment (Fig. 3) . Figure 4 shows the isopleth diagrams of the mean vertical diel dynamic of fish biomass recorded along the water column by transducers T2, T3 and T4. The most consistent feature was a regular diel pattern of the mean fish biomass inside the reef (T2, T3) which generally appeared to be negatively correlated with light intensity, peaking at late evening and in the early morning. The depth of the highest fish biomass values varied between the two transducers: in the area explored by T2 the highest biomasses were consistently recorded in the bottom and midwater layers, while in the T3 area the early morning peak occurred in the midwater and surface layers and appeared anticipated, lasting from the night through to the very early morning. A slightly different behaviour was observed outside the protected area, which did not have a clear relationship to the light intensity. In fact, three biomass peaks were recorded: at night and early afternoon in the bottom layer and in the very early morning in the midwater and surface areas.
Throughout the sampling period, the biomass inside the reef followed a similar trend in the data recorded by transducers T2 and T3 (Fig. 5) . However, the comparison conducted of the three different depth layers showed that fish biomass was not homogeneously distributed along the water column: the highest values were generally recorded in the middle and bottom layers until the end of August and the statistical differences were highly significant (P<0.001). A downward movement of uppermost and middle fish shoals was observed from July to the end of August when a sharp decrease occurred in the entire water column. Starting from the beginning of September, the fish biomass showed a rapid decline and the opposite situation was recorded with the minimum biomasses in the bottom layer and the maximum values at the surface. In further analysis, the Pearson correlation test revealed a negative relationship between the fish biomass and day factor in T2 and T3. This confirms that the fish biomass decreased as time passed throughout the study period.
In contrast, the fish biomass at T4 remained fairly uniform along the water column throughout the period and only negligible biomass variations in time were observed, with consistently low values at each layer (Fig. 5) .
DISCUSSION
The multibeam sonar system proved to be an extremely efficient tool for observing the alteration incurred in the seabed of the reef area, and to depict the structure of the artificial reef by identifying the placement and orientation of each unit. In fact, it evidenced a general subsidence and a bathymetric unevenness of the seabed in the entire reef area, probably due to the erosion caused by currents and waves around the structures and the consequent collapse of several reef units. In addition, maps created with data from EM-3000 permitted more suitable sites for the placement of acoustic transducers to be selected; then, background imagery of the reef structures could be obtained and related to the fish distribution. Once it was decided where to place the acoustic equipment, the subsequent work demonstrated the ability of the fixed hydroacoustic technique to gather information on the distribution, daily behaviour, and biomass of the fish assemblage living inside and around the artificial reef.
The acoustic data revealed that the biomass and composition of the fish assemblage inside the reef were strictly related to the arrangement of the structures. Until the end of August, the area with a higher concentration of structures was characterised by higher densities and a predominance of benthic and nekto-benthic species, related to the greater availability of shelter, while a more homogeneous composition was recorded both in the spaces between the pyramids, and in the open sea. From the beginning of September, mobile pelagic species became dominant inside the reef, which was also confirmed by set net sampling (Fabi, unpublished was due to the migration of the reef fish species from the coastal shallow waters to offshore, where the water temperature is about 10 to 12°C during the winter months (Fabi and Fiorentini, 1994) . According to Thorne et al. (1990) , the diel behaviour of the fish assemblage living inside the reef showed minimum densities during the early afternoon, while the highest abundances were commonly observed late in the evening, at night, and in the early morning. A slightly different pattern was observed outside the reef, particularly in the afternoon. This diel variability of fish biomass might be connected either with fish horizontal migrations for foraging (Fabi et al., 2006) or with variability of fish acoustic response, expressed by TS-variability, due to environmental and biological factors (MacLennan et al., 1989 (MacLennan et al., , 1990 Orlowski, 2000) . However, when more species are found in mixed pools, as on an artificial reef, the TS varies greatly and it may be convenient to summarise the analysis by quoting the regression TS-weight parameters, depending only on the mean size of the mixedspecies pool of fish (MacLennan and Simmonds, 1992) . In the present study this value was determined based on the observable characteristics such as the species composition of the target population and the size of the individuals (Fabi and Sala, 2002) .
Finally, the hydroacoustic records highlighted the area of influence of the artificial substrates of the surrounding habitat, and provided useful data for the management and planning of Adriatic artificial reefs. The values recorded by the off-reef transducer were generally lower than those collected by the inner ones, which shows that the effect of the reef on the fish assemblage was already reduced at about 80 m from the structures. This agrees with the results of other studies, which indicate that the local area of influence of an artificial reef may range from 5 to 50 m, depending on the local environmental conditions and reef size (Continental Shelf Associates, 1982; Gerlotto et al., 1989; Fabi et al., 1999b) .
The results of the present study demonstrated the suitability of hydroacoustic technology for providing continuous, reliable and detailed information on both the structure of an artificial reef and its fish assemblage that could not be collected with traditional sampling methods. On the other hand, given the difficulty of identifying some species from their sonar signal, a correct interpretation of the acoustic data requires in depth knowledge of the species composition of the reef community, which can only be obtained through visual or capture techniques. Using hydroacoustics associated with periodic visual or fishing verifications would give a complete picture of the reef system, which would lead to a better understanding of the relationships between fish and artificial substrates while facilitating significant savings in both the cost and working time.
